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 ABSTRACT 

The intensity and spectrum of light affect the growth and morphology of 

vegetables grown in greenhouses. Although many studies have attempted to 

improve plant growth by converting the light spectrum using functional films, 

their effects were different and the reasons were not clear. The objective of this 

study was to investigate the effect of spectrum conversion film (SCF) on the 

photosynthetic activity and growth of Chinese cabbage (Brassica rapa L. 

ssp. pekinensis) and romaine lettuce (Lactuca sativa L. var. longifolia). From 

April to May 2021, the two leafy vegetables were grown under a SCF and a 

polyethylene film (control). The SCF absorbs low photosynthetic efficiency 

wavelengths (280−400 nm or 500−600 nm) and emits high photosynthetic 
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efficiency (400−500 nm or 600−700 nm). The electron transport rates of 

photosystem II and I, and the photosynthetic rate of Chinese cabbage grown 

under the SCF were significantly increased compared to the control. The leaf 

dry weight, leaf area, and leaf thickness of Chinese cabbage grown under the 

SCF was also significantly increased by 33.0%, 33.3%, and 32.4%, respectively, 

compared to the control. However, the lettuce grown under the SCF showed no 

difference in photosynthetic activity, growth, and morphological characteristics 

compared to the control. The different effects of spectrum modification 

between the two films are presumed to be due to the difference in leaf light 

absorption and chlorophyll content between two vegetables. From the result, it 

was concluded that the leaf optical properties and chlorophyll content of plants 

can help determine whether the SCF is effective or not.  

Key words: agricultural film, chlorophyll fluorescence, electron transport, leaf 

absorption, light quality 

Student number: 2012-23330 
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INTRODUCTION 

Light is one of the important environmental factors that drive photosynthesis 

and acts as a regulator of plant growth and development (Ryer, 1998; Olle and 

Alsina, 2019). The light environment altered by greenhouse covering materials 

has a significant effect on plant growth. During this process, photosynthetic 

pigments capture the light and transport electrons into chemical energy (Poorter 

et al., 2019; Fernie et al., 2020). Therefore, many research has been conducted 

on energy-efficient cover materials for improving photosynthesis and yields of 

horticultural crops (Tani et al., 2014; Ezzaeri et al., 2018; Zhao et al., 2020). 

A spectrum conversion film (SCF) is a functional covering material that 

modify solar spectrum to improve the photosynthesis and growth of plants 

(Hemming et al., 2006; Nishimura et al., 2012; Park et al., 2016). Based on the 

relative quantum yield for CO2 assimilation, the SCF converts low-efficiency 

wavelengths into high-efficiency wavelengths for improving photosynthesis, 

for example, absorbing green light and emitting red light (McCree, 1972; Yoon 

et al., 2020).  

Many previous studies have reported the SCF increased the yield of 

strawberry, radish, cucumber, lettuce and vegetable seedlings (Hemming et al., 

2006; Hidaka et al., 2008; Nishimura et al., 2012; Kwon et al., 2013; Park et al., 

2016; Yoon et al., 2021). On the other hand, celery, the SCF did not affect the 

yield of tomato and sweet potato (Nishimura et al., 2009; Kwon et al., 2013; 
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Park et al., 2016). The different results depending on plant species may become 

obstacles in commercialization of SCFs. The plant response to light quality 

varies among the species due to innate photosynthetic pigments or other 

physiological factors that help them adapt to the light environment (Snowden 

et al., 2016). In a previous study, Son and Oh (2015) reported that the optical 

properties of leaves differed depending on the species. If the light spectrum 

absorbed by leaves is different depending on the species, the growth and 

photosynthetic activity of plants grown under the same light source will be 

different (Gitelson et al., 2001; Sims et al., 2002).  

Chinese cabbage is the main ingredient of Kimchi in Korea. As of 2019, the 

production area was 48,406ha (KOSIS, 2020), accounting for 52% of the total 

cultivated area of leaf vegetables. Lettuce is the most popular leafy vegetable 

in terms of consumption and can be successfully cultivated throughout the year 

(Schneider and Goss, 2011).  

The objectives of this study were to compare the optical properties and 

pigments of Chinese cabbage and lettuce and to investigate the effect of the 

green-to-red SCF on the photosynthetic activity and growth of the two leafy 

vegetables. 
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LITERATURE REVIEW 

Responses of plants to red and blue light  

Red light benefits reproductive growth (Li et al., 2012) and has a great potential 

for plant production. In previous studies, red light increased tomato yield (Lu 

et al., 2012) and vitamin C concentration (Bliznikas et al., 2012) and also an 

important role in chloroplast, stem and petiole growth in plants (Li et al., 2012). 

Red light is effective for plants, but adding blue light induced different 

responses (Matsuda et al., 2007; Stutte et al., 2009; Hogewoning et al., 2010; 

Savvides et al., 2012). Yorio et al. (2001) reported that addition of 10% blue 

light increased the dry mass of spinach, radish and lettuce. Combination of red 

and blue light have a positive effect on plants, but not all plants have the 

identical effect because the response of plant growth to light quality varies from 

species to species (Cope et al., 2014; Zou et al., 2020). Lettuce and cucumber 

grown under sun-like LEDs showed larger plant size and biomass accumulation 

than white LEDs, but showed different effects on the red and blue LEDs (Zou 

et al., 2020). Other research showed that wheat, soybean and lettuce have 

different blue light requirements for stem elongation and leaf extension 

(Dougher and Bugbee, 2001). 

 

Chlorophyll and light absorption of leaves 



4 

 

Chlorophyll is the primary pigment of plants that absorb light. The amount of 

light absorbed by leaves depends on the number, size, and thylakoid structure 

of chlorophyll and the concentration of photosynthetic pigments (Macedo et al., 

2011; Poorter et al., 2013). Chlorophyll plays an important role in 

photosynthesis, and the biosynthesis of chlorophyll requires light (Jilani et al., 

1996; Hoober and Eggink, 1999). Red light was not beneficial for chlorophyll 

formation because of the decrease in tetrapyrrole precursor 5-aminolevulinic 

acid (Tanaka et al., 1998; Sood et al., 2005). But blue light was reported to be 

conducive to pigment accumulation (Tanaka et al., 1998; Poudel et al., 2008; 

Kurilcik et al., 2008). Kamiya et al. (1981) reported that long term exposure to 

blue light enhanced the 5-aminolevulinic acid synthesizing activity. Red light 

alone was unprofitable for chlorophyll biosynthesis, but adding blue light to red 

light promotes chlorophyll accumulation some vegetables such as lettuce, 

pepper and Chinese cabbage (Johkan et al., 2010; Gangadhar et al., 2012; Fan 

et al., 2013).  

 

Effect of spectrum conversion film (SCF) on plants  

Photosynthesis of plants depends on wavelength, and red photons (600−700 nm) 

are more efficient than blue (400−500 nm) and green (500−600 nm) ones 

(McCree, 1972). In order to improve plant growth in greenhouses, recently SCF 

has been introduced for various crops (Lamnatou and Chemisana, 2013; Park 
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et al., 2016; Yoon et al., 2020). Hidaka et al. (2008) reported that SCF, which 

absorbs blue and green light, and emits red light, increased leaf photosynthesis 

and seed germination in radish and Welsh onion. According to Nishimura et al. 

(2009), the plant growth and yield under SCF were different for celery, lettuce, 

spinach, and sweet potato. The fresh and dry weights of lettuce under SCF were 

significantly better than those of celery. In addition, spinach under SCF was not 

different compared to other films, but the root growth of sweet potato was 

significantly increased. According to Yoon et al. (2021), various plants, the 

seedling quality of Chinese cabbage and cucumber seedlings grown under SCF 

was improved, but that of lettuce was not. 
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MATERIALS AND METHODS 

Film treatment 

Experiments were carried out at the Venlo-type glass house of Seoul National 

University, located in Suwon Korea (37°16'N, 126°59'E). The two small 

greenhouses (1.1  2.6  1.05 m, L  W  H) were separately covered with 

a polyethylene film (PE) and a spectrum conversion film (SCF) including a 

green-to red fluorescent dye. Both films were provided by Taekwangnewtec Co. 

(Seoul, Korea). The thickness of the films was 100 μm. The transmittance of 

the films was measured using a spectroradiometer connected to an integrating 

sphere (IC-2, StellarNet, Inc., Tampa, FL, USA), and a solar simulator (XIL-

01B50KPV1, SERIC Ltd., Tokyo, Japan) was used as a light source. 

 

Plant materials and growth conditions 

Romaine lettuce (Lactuca sativa L. var. longifolia) and Chinese cabbage 

(Brassica rapa L. ssp. pekinensis) seeds were sown on plug trays filled with a 

commercial soil (Baroker, Seoul Bio Co., Seoul, Korea) on 23 April 2021. After 

fifth leaves appeared, the twenty seedlings were transplanted into plastic pots 

(15 cm diameter) filled with the same soil substrate and placed in the 

greenhouse covered with PE or SCF. After transplanting, Hoagland nutrient 

solution was applied three times a day for 15 min with an electrical conductivity 

of 1.2 dS m−1. Average air temperature and relative humidity at day/night in the 
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greenhouse were 29±8°C / 19±3°C and 48±23% / 73±12%, respectively. Light 

spectra were measured using a spectroradiometer (BLUE-Wave spectrometer, 

StellarNet, Inc., Tampa, FL, USA) with a fiber optic cable placed above the 

canopy at noon during sunny days. Irradiance was recorded every 5 min using 

a data logger (midi LOGGER GL840, Graphtec Co., Yokohama, Japan) 

equipped with a quantum sensor (SQ-110, Apogee Instrument, Logan, UT, 

USA) placed 20 cm above the ground. The average day light integrals (DLIs) 

were 3.1±1 mol m−2 d−1 for outside, 2.5±1 mol m−2 d−1 for PE inside, and 2.3±1 

mol m−2 d−1 for SCF inside, and the data during experimental period was 

reported in Fig. 1. 

 

Growth and morphological characteristics 

Five plants were sampled at 25 days after transplanting (DAT). The fresh 

weights of leaf, stem, and root were measured using an electronic scale 

(HS1500A, Hansung Co., Seoul, Korea), and the dry weights were measured 

using an electronic scale (HS220S, Hansung Co., Seoul, Korea) after drying in 

an oven (FS-420, Advantec, Tokyo, Japan) at 80°C for 72 h. The stems were 

determined as residues after all the leaves of each plant were taken. The number 

of leaves and leaf area were calculated using an image analysis software (Image 

J, National Institutes of Health, Bethesda, MD, USA). The specific leaf area 

(SLA) was calculated as leaf area (cm2)/leaf dry weight (g).  
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Fig. 1. Daily light integrals (DLI) in outside and inside the greenhouses covered 

with polyethylene (PE) film and spectrum conversion film (SCF) during 

experiment period from April 23 to May 22, 2021. 
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Leaf optical property and chlorophyll content 

The spectral reflectance and transmittance of leaves were measured using the 

spectroradiometer and the integrating sphere in the range of 400–700 nm with 

five replicates sampled at 20 DAT. The absorption of leaves was calculated as 

100% – (transmittance) – (reflectance). For the calculation of leaf chlorophyll 

contents, plant pigments were extracted according to a previous method (Porra 

et al. 1989). The leaves were cut into discs (0.57 cm2 in area) using a cork borer. 

The three discs were collected in a 2 mL microtube, and 1.5 mL of pure 

methanol was added. After incubating for 48 h in the dark, the absorbance of 

the extract solutions was read at 665 nm (A665), 652 nm (A652), and 470 nm (A470), 

with a spectrophotometer (Photolab 6100vis, WTW, Weilheim, Germany). 

Chlorophyll a and b, and carotenoid contents were calculated as follows: 

 

Chl a = 16.29 A665 – 8.54 A652  

Chl b = 30.66 A652 – 13.58 A665 

Chl (a + b) = 22.12 A652 + 2.71 A665 

Total carotenoid = 
1000𝐴470 − 2.86𝐶ℎ𝑙 𝑎− 129.2𝐶ℎ𝑙 𝑏

245
 

 

Leaf photosynthesis measurements 

Photosynthetic rates were measured using a portable photosynthesis system 

(LI-6400XT, Li-Cor, Lincoln, NE, USA) using a LED light source (6400-02B, 



10 

 

Li-Cor) with three replicates at 20 DAT. Before all measurements, the leaves 

were adapted under the light source (approximately 15 min) at a photosynthetic 

photon flux density (PPFD) of 1000 μmol m–2 s–1. The condition in the leaf 

chamber were kept constant (CO2 concentration of 400 μmol mol−1 and relative 

humidity of 50–60%). The measurements were taken at PPFDs of 2000, 1500, 

1200, 900, 600, 400, 200, 100, and 0 μmol m–2 s–1.  

 

Electron transport rate and chlorophyll fluorescence 

Electron transport rates were measured using a chlorophyll fluorescence 

measuring system (Dual-PAM-100, Heinz Walz, Effeltrich, Germany) and its 

software (Dual PAM v1.19, Heinz Walz) with three replicates at 20 DAT. 

Photosystem II and I (PSII and PSI) activities were quantified by P700 

absorbance changes and chlorophyll fluorescence. The rapid light curve was 

determined at PPFDs of 0, 10, 36, 94, 214, 421, 501, 611, 923, 1178, 1455, and 

1809 μmol m−2 s−. Electron transport rates of PSII and PSI (ETR II and ETR I) 

were calculated using the software as: ETRII or ETRI = (quantum yield of PSII 

or PSI) × PPFD × 0.85 × 0.5, where 0.85 is assumed to be the leaf absorption, 

and 0.5 is assumed to be the proportion of absorbed light reaching PSII or PSI. 

The chlorophyll fluorescence transients were measured using a portable 

fluorometer (Handy PEA fluorometer, Hanstatech, King Lynn, UK). The intact 

leaves were dark-adapted for 20 min using a leaf  clip (HPEA/LC, Hansatech) 
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with eight replicates at 5, 15, and 25 DAT. Fast fluorescence transients were 

taken using a saturating pulse of 1500 μmol m–2 s–1, a pulse duration of 1 s, and 

a fixed gain of 1×. The parameters were obtained based on the theory of energy 

flow in PSII according to previous studies (Stirbet et al., 2018): ABS/RC, 

apparent antenna size of an active photosystem II; TRO/RC, maximum trapped 

exciton flux per active photosystem II; ETO/RC, the flux of electrons transferred 

from QA
– to PQ per active photosystem II; REO/RC, the flux of electrons 

transferred from QA
– to final photosystem I acceptors per active photosystem 

II; ψEO, the efficiency to move an electron further than QA
–; φEO, the quantum 

yield for electron transport; PIabs, performance index on absorption basis; PItotal, 

performance index for energy conservation from exciton to the reduction of PSI 

end acceptors. 

 

Statistical analysis 

The means of PE and SCF treatments were compared using the Student’s t-test 

with each replicate (P < 0.05, 0.01, and 0.001). The statistical analysis was 

performed using R software (R 3.6.2, R Foundation, Vienna, Austria).  
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RESULTS AND DISCUSSION 

Spectral characteristics and growth environment 

Spectral distribution of sunlight transmitted into the greenhouses covered with 

PE and SCF was shown in Fig. 2 and Table 1. Compared with the greenhouse 

covered with PE, the PFD of the greenhouse covered with SCF was increased 

by 14.4% in the red wavelength (600−700 nm), but decreased by 10.6% in the 

blue wavelength (400−500 nm) and 14.8% in the green wavelength (500−600 

nm). The PPFD was decreased by 3.3% under SCF compared to that under PE 

(Table 1). The transmittance of SCF was 17.1% higher in the red wavelength 

than PE, but 8.1% lower in the blue wavelength and 13.6% lower in the green 

wavelength than PE (Fig. 3). 

Since the relative quantum efficiency of red light is 25−35% higher than blue 

light and 5−30% greater than green light (McCree, 1972), the blue and green 

light was reduced, but sunlight converted by SCF showed efficient 

photosynthesis by increasing red light. Although low PPFD reduced vegetative 

growth and production (Krug, 1991; Blacquire and Spaargaren, 2003; Gruda, 

2005), the difference of light intensity in this experiment did not affect the 

photosynthetic activity and growth of the two vegetables.  
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Fig. 2. Spectral distributions in the greenhouses covered with polyethylene 

film (PE) and spectrum conversion film (SCF) at 12:00 on December 30, 

2020. 
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Table 1. Spectral irradiances in the greenhouses covered with polyethylene film (PE) and spectrum conversion film (SCF) 

at 12:00 on December 30, 2021. 

zMean ± SD, n = 3 

yAll data were not significantly different according to the t-test (P < 0.05). 

 

Film 

Spectral irradiance (mol m−2 s−1) 

UV 

(300−400 nm) 

Blue 

(400−500 nm) 

Green 

(500−600 nm) 

Red 

(600−700 nm) 

Far-red 

(700−800 nm) 

PPFD 

(400−700 nm) 

PE 11.6 ± 1.6zy 104.6 ± 22.4 148.2 ± 42.9 140.7 ± 51.0 96.6 ± 39.8 393.4 ± 116.9 

SCF 9.9 ± 3.5 93.5 ± 23.9 126.2 ± 37.3 160.9 ± 55.4 104.0 ± 41.4 380.6 ± 116.5 
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Fig. 3. Spectral transmittance of polyethylene film (PE) and spectrum 

conversion film (SCF) (Incident light = 100%). 
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The transmittance measured by solar simulator (Fig. 3) and the spectral 

irradiance measured by spectroradiometer (Fig. 2) differ in degree of PPFD 

through the greenhouse covering material. It is because the light source of solar 

simulator was based on the standard solar spectrum (ASTM G173-03), but the 

light source for which the spectral irradiance was measured is natural light. In 

addition, there is a possibility that the transmittance is different depending on 

the measurement angle of the film (Kokogiannakis et al., 2014).  

 

Leaf absorption and chlorophyll content 

The leaf absorption rate and chlorophyll content of Chinese cabbage and lettuce 

were shown in Figs. 4 and 5. The absorption rates of Chinese cabbage were 

3.3%, 13%, and 7.3% higher than those of lettuce in blue, green, and red 

wavelengths, respectively (Fig. 4). The chlorophyll content, such as chlorophyll 

a, chlorophyll b, total chlorophyll content, and carotenoid, of Chinese cabbage 

was also significantly higher than that of lettuce (Fig. 5).  

Li et al. (2021) showed that leaf absorption rate was affected by the ratio of 

blue, green, and red light. In the ratio of blue : green : red = 14 : 30 : 56, the 

leaf absorption rate was higher than that of blue : green : red = 11 : 45 : 44. 

Although green light was reduced, the leaf expansion and yield increased by 

the increased red light. The pigment content per unit area was an indicator to 

analyze the photosynthetic function of leaves because it increases the light 
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absorption (Falcioni et al., 2017; Li et al., 2021). In particular, as the light 

absorption of Chinese cabbage was higher in green wavelength than in other 

wavelengths, it is predicted that Chinese cabbage might use green light more 

effectively than lettuce. The increase in green light absorption is due to a high 

density of spongy parenchyma or increased chlorophyll content (Falcioni et al., 

2017). Indeed, Johkan et al. (2012) reported that green light absorption is 

effective for stimulating plant growth and increasing photosynthesis.   
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Fig. 4. Absorption spectra of the leaves in Chinese cabbage and lettuce at 25 

days after transplanting.  
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Fig. 5. Chlorophyll a and b (Chl a, Chl b), and carotenoid (Car) contents of 

Chinese cabbage and lettuce leaves grown under polyethylene film (PE) 

and spectrum conversion film (SCF) at 25 days after transplanting. Vertical 

bars indicate 1SD; n = 3. Asterisks indicate significant differences by 

Student’s t-test at *P < 0.05, **P < 0.01, ***P < 0.001. 
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Chlorophyll fluorescence transient and electron transport rate 

From seedling to harvest, JIP test was conducted at 10-day intervals to analyze 

when there would be a significant difference in the electron transport efficiency 

of the two vegetables (Fig. 6). There was no difference in all chlorophyll 

fluorescence indicators in 5 and 15 DATs for both vegetables. However, in case 

of Chinese cabbage grown under SCF at 25 DAT, the apparent antenna size of 

an active PSII (ABS/RC), the maximum trapped exciton flux per active PSII 

(TRo/RC), the flux of electrons transferred from QA
- to PQ per active PSII 

(ETo/RC), and the flux of electrons transferred from QA
- to final PSI acceptors 

per active PSII (REo/RC) were significantly increased compared to PE (Fig. 

6A, B, C, D). The quantum yield of electron transport (φEo), the efficiency with 

which electron flux farther than QA
- (ψEo), and total performance index on 

absorption basis (PIabs, PItotal) were no difference between PE and SCF treatment 

(Fig. 6E, F, G, H). However, lettuce was no significant difference in all 

chlorophyll fluorescence parameters.  



21 

 

 

Fig. 6. Chlorophyll fluorescence parameters of Chinese cabbage and lettuce 

leaves grown under polyethylene film (PE) and spectrum conversion film 

(SCF) at 5, 15, and 25 days after transplanting (DAT) with 8 replicates. The 

asterisks indicate significant differences by Student’s t-test at *P < 0.05, **P 

< 0.01, ***P < 0.001. 

 

  



22 

 

The electron transport rates of PSII and PSI (ETRII and ETRI) of the two 

vegetables grown under PE and SCF increased and saturated with increasing 

light intensity (Fig. 7). In the Chinese cabbage grown under SCF, the ETRII 

significantly increased over 1455 μmol m–2 s–1 PPFD (Fig. 7A), and the ETRI 

increased significantly at 1809 μmol m–2 s–1 PPFD (Fig. 7B). However, the 

ETRII and ETRI of lettuce were not different between PE and SCF treatments 

(Fig. 7C, D). 

The significant increases in ABS/RC and TRo/RC mean that the Chinese 

cabbage grown under SCF efficiently absorbs light energy and consequently 

increases energy transport. Also, the increases in ETo/RC and REo/RC mean 

that the electron transport efficiency of PSII and PSI was increased by SCF 

treatment. And it was confirmed that the ETRII and ETRI increased at high 

PPFD (Fig. 7). 

Yang et al. (2018) reported that light quality can indirectly influence 

photosynthetic electron transport, which adjusts many biochemical processes. 

According to a previous study (Yang et al., 2018) that red light increased ETRII 

and ETRI more than monochromatic light, the overall ETR increase in Chinese 

cabbage was attributed to the increase in red light by SCF. 
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Fig. 7. Electron transport rates of PSII (ETRII) and PSI (ETRI) of Chinese 

cabbage (A, B), and those of lettuce leaves (C, D) grown under 

polyethylene film (PE) and spectrum conversion film (SCF) at 25 days after 

transplanting. The vertical bars indicate 1SD; n = 4. The asterisks indicate 

significant differences by Student’s t-test at *P < 0.05, **P < 0.01, ***P < 

0.001. 
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Photosynthesis 

The photosynthetic rate of Chinese cabbage grown under SCF was not 

significantly different at every PPFDs, except 2000 μmol m–2 s–1, compared to 

PE (Fig. 8A). The photosynthetic rate of Chinese cabbage was increased by 8.9 % 

at a PPFD of 2000 μmol m–2 s–1.  

This result was consistent with the previous SCF treatment for Arabidopsis, 

sweet pepper, and cucumber seedling (Li et al., 2017; Yoon et al., 2020; 2021). 

Some plants increased photosynthetic rate with supplemented red light, but the 

photosynthetic rate of lettuce grown under SCF was not different compared to 

PE (Fig. 8B). For Chinese cabbage, the chlorophyll content was high (Fig. 5), 

which absorbs in the red and blue region with peaks occurring at 400−500 and 

600−700 nm, respectively (Hopkins and Huner, 2004; Naznin et al., 2019). 

Accordingly, Chinese cabbage absorbed more red light compared to lettuce 

(Fig. 4). And chlorophyll content directly influences the photosynthetic 

capacity of leaves (Cook and Evans, 1983; Fan et al., 2013; Rahman et al., 

2007). It is assumed that the lettuce, which has less chlorophyll content and 

absorption in red light, grown under SCF is not affected by the sunlight 

modified by SCF compared to Chinese cabbage. 
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Fig. 8. Net photosynthetic rates of Chinese cabbage (A) and lettuce (B) leaves 

grown under the polyethylene film (PE) and spectrum conversion film 

(SCF) at 25 days after transplanting. The vertical bars indicate 1SD; n  = 

3−4. The asterisks indicate significant differences by Student’s t-test at *P 

< 0.05, **P < 0.01, ***P < 0.001. 
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Growth and morphology  

The leaf dry weight of Chinese cabbage under SCF at 25 DAT was significantly 

increased by 33% compared to that under PE (Table 2). The stem and root dry 

weight of Chinese cabbage under both films were not significantly different. 

The number of leaves and leaf area of Chinese cabbage grown under SCF were 

significantly increased by 33% and 32% compared to PE, respectively. Lettuce 

showed no difference in all growth and morphological parameters under both 

films. The SLA of Chinese cabbage and lettuce was 16.7 and 34.3 cm2 g–1, 

respectively. 

In this study, the increases in leaf dry weight and leaf area of Chinese 

cabbage under SCF were consistent with those in Welsh onion, cucumber, 

lettuce, kale, and strawberry grown under SCF (Hidaka et al., 2008; Nishimura 

et al., 2012; Yoon et al., 2020). It is assumed that the increases in leaf dry weight 

and leaf area of Chinese cabbage were affected by improved photosynthetic 

capacity (Fig. 8). SLA indirectly indicates the leaf thickness. Chinese cabbage 

has thicker leaves and chlorophyll content per unit area, thus the light 

absorption could be higher than that of lettuce.  

In addition, although green light decreased, the shoot dry weight and leaf 

area were positively affected by the increased red light (Li et al., 2021). 

Likewise, Dou et al. (2019) showed that the photosynthetic efficiency of basil 

increased under the ratio of blue : green : red = 10 : 16 : 74 than under that of 
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Table 2. Growth and morphological characteristics of Chinese cabbage and lettuce under polyethylene film (PE) and 

spectrum conversion film (SCF) at 25 days after transplanting. 

Cultivar Treatment 
Dry weight (g) No. of 

leaves 
Leaf area 

(cm2) 
SLA  

(cm2 g–1) Leaf Stem Root Total 

Chinese 
cabbage 

PE 11.8 ± 1.8z 2.2 ± 0.7 6.5 ± 2.7 20.5 ± 4.3 15 ± 2 1969 ± 283 14.1 ± 1.5 

SCF 15.7 ± 2.5*y 1.2 ± 1.2 11.3 ± 4.8 28.2 ± 6.2 20 ± 4* 2607 ± 402* 15.5 ± 1.8 

Lettuce 
PE 11.6 ± 0.6 1.7 ± 0.1 6.1 ± 1.0 19.4 ± 1.5 28 ± 1 4111 ± 369 30.9 ± 1.7 

SCF 12.0 ± 1.2 1.7 ± 0.2 7.4 ± 0.4 21.1 ± 1.5 28 ± 1 3987 ± 395 29.1 ± 1.6 
zMean ± SD, n = 4. 

yThe asterisk (*) indicated significant difference according to t-test (P < 0.05). 
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blue : green : red = 13 : 45 : 42. These studies indicated that the photosynthetic 

activity of Chinese cabbage increased due to the increased red light despite the 

decrease of green light in SCF. 
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CONCLUSIONS 

Spectrum conversion film (SCF), a functional covering material, has been used 

to improve photosynthesis and crop yield, but its effect on growth and 

morphology was not consistent depending on plant species. Chinese cabbage 

and lettuce with different optical properties and chlorophyll content of leaves 

were selected, and their growth and photosynthetic activity were compared 

under commercial polyethylene film (PE, control) and SCF. Compared to PE, 

the growth, photosynthetic efficiency, and electron transport rate of PSII and 

PSI were significantly higher under SCF in Chinese cabbage, whereas there 

were no differences in growth and photosynthetic activity between the 

treatments in lettuce. The increase in red light by SCF was effective in Chinese 

cabbage with high absorption of red light, but not in lettuce, with relatively low 

absorption of the light. Therefore, the optical properties and chlorophyll content 

of leaves can be used as indicators when determining whether SCF affects the 

plant growth and photosynthetic activity of target plants.  
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ABSTRACT IN KOREAN 

 

광 스펙트럼은 온실에서 재배되는 작물의 생장과 형태에 영향을 

준다. 기능성 필름으로 광 스펙트럼을 조절하여 식물 생장을 개

선하려는 많은 연구가 시도되었지만 그 효과는 종에 따라 다르

며 그 결과에 대한 이유는 명확하지 않았다. 이 연구의 목적은 

광학적 특성과 엽록소 함량이 다른 두 종의 채소에 대하여 광전

환 필름의 효과를 비교 분석하는 것이다. 2021년 4월부터 5월

까지 배추 (Brassica rapa L. ssp. pekinensis cv. Chunkwang)

와 상추 (Lactuca sativa L. cv. Romaine)를 폴리에틸렌 필름

(PE) 온실과 광전환 필름(SCF) 온실에서 재배하였고 배추와 

상추의 엽 광학적 특징, 엽록소 함량, 광계 I, II의 전자 전달률, 

광합성 속도, 생육을 측정하였다. 배추의 광 흡수율과 엽록소 함

량은 상추에 비하여 높았다. 광전환 필름에서 재배한 배추는 대

조구에 비하여 광계 I, II의 전자 전달 효율과 전자 전달량이 유

의하게 증가되었으며, 광합성 속도도 약 9% 증가하였다. 또한 

배추의 건물중, 엽면적, 엽두께가 각각 33.0%, 33.3%, 32.4% 

유의적으로 증가하였다. 반면 상추는 광합성 활성, 생육과 형태

적인 부분에서 차이가 없었다. 이는 광전환 필름에 의해 증가한 

적색광이 차이가 있는 두 품종의 광 흡수율성과 엽록소 함량으

로 인해 다른 영향을 미친 것으로 판단된다. 이러한 결과를 통
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하여 작물의 엽 광학적 특성과 엽록소 함량 등이 광전환 필름 

적용 효과 여부를 판단하는데 도움을 줄 수 있을 것으로 판단된

다. 

 

주요어: 농업용 피복재, 엽록소 형광, 전자수송, 광질 

학  번: 2012-23330 
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